« 



INVENTOR: Theodore A.* Paxton ct at 
MATTER NO.: 304253 
CLIENT REF.: D-1743 
FILED: September 17, 2003 

TITLE: ADAPTIVE LITHOGRAPHIC CRITICAL ... 

PILLSBURY WINTHROP LLP 
MCLEAN, VIRGINIA 



106 



Pre-exposurc steps 
external to wafer 

track 

7^ 




102 



108 



Post-exposure steps 
external to wafer 
track 



O O o O 



Pre-exposure 
Processing 




Post-exposure 
Processing 



II 



(my- 

FIG. lA 



INVENTOR: Theodore X. Paxton et «!. • 
MATTER NO.: 3042S3 
CLIENT REF.: D-1748 
FILED: September 17, 2003 

TITLE: ADAPTIVE LITHOGRAPHIC CRITICAL ... 

PILLSBURV WINTHROP LLP 
MCLEAN, VIRGINIA 




MATTER NO.: 304253 
CUENTREF.: D-1748 
nLED: September 17, 2003 

TITLE: ADAPTIVE LITHOGRAPHIC CRITICAL 

PILLSBURY WDVTHROP LLP 
MCLEAN, VIRGINIA 



begin 
enhancement 
process 



P202 



Expose W Based on 
Initial Data 



P206 



Measure Attributes of 
Exposed W 



P204 




YES 



Calculate Corrective 
Dose Offsets & Generate 
Correction Map for 
specific wafer history 



P210 



Correction 
Map 
Library 



Expose Subsequent W 
w/ latest Corrective Dose 
Offsets from Corr, Map 



P212 ^ 




Do not Update 
Dose Offsets or 
Correction Map for 
specific wafer history . 


< 





J 




Fie. 2 



EWENTOR: Theodore ^ Pazton ct aL 
MATTER NO.: 304253 
CUENTREF.: D-1748 
FILED: September 17, 2003 

TITLE: ADAPTIVE LITHOGRAPHIC CRITICAL ... 

PILLSBURY WINTHROP LLP 
MCLEAN, VIRGINIA 



CORRECTION MAP LIBRARY GENERATION & UPDATING 

ENHANCEMENT MODULE 310 



Expose W of known 
history with a range 
of known dose 
offsets 



B314 



• Correlate correction 
mop to W history 

• Provide logic to monitor 
& verify changes 

• Store correction map 



B318 



Determine the CD 
change per unit dose 
change (Sain Factor) 



B315 



B316 



Expose W of 
known history 

with dose 
offsets = 0.0 
(to determine 
first dose map) 



• Measure the W CD 
•Assess CDU 

• Calculate corrective dose 
offsets to improve CDU 

• Generate correction map 



B312 




CORRECTION MAP 
LIBRARY 



FIG. 3 



LOGIC 335 

• Correlate W history 
processing information 
with corresponding 
correction map 

• Update corrective dose 
offsets based on 
Substrate data 




EXPOSURE ENHANCEMENT MODULE 

330 



Exposed W with the 
applied corresponding 
correction map for W 
processing path 



Retrieve W from wafer 
track 104 



Furnish W history processing 
information per W (including 
processing path) 



Substrate metrology data 
associated with W history 



User interface for data entry 
data acquisition, and system 

monitoring. 



B308 



B302 



B304 



B306 



B310 



INVENTOR: Theodore A.. Paxton ct aL 
MATTER NO.: 304253 
CUENTREF.: D-1748 
HLED: September 17. 2003 

TITLE: ADAPTIVE LITHOGRAPHIC CRITICAL 

PILLSBURV WINTHROP LLP 
MCLEAN, VIRGINIA 



Examples Pre Exposur Substrate M trology Data (B306) 



Resist thickness 



ess 






FIG. 4A 



FIG, 4B 



Example Wafer Dose 
Layout & Range (B314) 



Example CD Change per Unit Dose (B315) 



Energy Meander 
Dose Map (mJ) 



33.4 


33.6 


33.8 


34.0 


34.2 


34.4 


34.6 


33.2 


33.0 


32.8 


32.6 


32.4 


32.2 


32.0 


30.6 


30.8 


31.0 


31.2 


31.4 


31.8 


31.8 


30.4 


30.2 


30.0 


29.8 


29.6 


29.4 


29.2 


27.8 


28.0 


28.2 


28.4 


28.6 


28.8 


29.0 


27.6 


27.4 


27.2 


27.0 


26.8 


26.6 


26.4 


25.0 


25.2 


25.4 


25.6 


25.8 


26.0 


26.2 



E 
c 

8 



UV210/ AR2 
/850 Annular 80 85/55 
liOnm 1:1 
(-7.2nm / mJ] 




31 .5 32 32.5 
Dose (mJ) 



♦ nm/mj Linear (nm/mj) 



FIG. AC 



FIG, 4D 



INVENTOR: Th««j>or« A. ?«xlon «t at 
MATTER NO.: 304253 
CUENTREF.: D-174S 
HLCD: September 17, 2003 

TITLE: ADAPTIVE LITHOGRAPHIC CRITICAL 



ExampI Initial Dose Map 
Dose Offset = 0 (B316) 



PILLSBURV WINTHROP LLP 
MCLEAN, VIRGINIA 



Nontinal Dose (mJ) 



,tpl CD Results: 

with Dose Offset = 0 (B312) 



100 











20 


20 


20 


20 


20 














> 


20 


20 


20 


20 


20 


20 


20 


20 


20 






50 _ 






20 


20 


20 


20 


20 


20 


20 


20 


20 


20^ 








20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 








20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


2o\ 




20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 




20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 




20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 




20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 i 


-50 _ 




20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 






20 


20 


20 


20 


20 


20 


20 


20 


20 


20 


20 










20 


20 


20 


20 


20 


20 


20 


20 


20 
















20 


20 


20 


20 


20 










-100 



-100 




100 



FIG, 4E 



FIG. 4F 



Exomple Wof er Dose 
Layout with Dose Offset (B308) 

Ooee Offset <mJ) 











-0.8 


1.8 


1.8 


1.4 


1.8 














1.8 


1.8 


2.2 


1.4 


1.8 


1.4 


1.4 


2.6 


1.8 










2.6 


1.4 


1.4 


0.2 


1.0 


0.2 


1.0 


1.8 


2.2 


2.6 






2.6 


1.4 


0.2 


0.2 


-1.0 


-0.2 


-0.6 


0.2 


1.0 


1.8 


2.6 




/2.6 


1.0 


1.4 


-0,6 


-0.6 


-1.4 


-1.4 


-1.4 


-1.0 


0.6 


0.6 


1.0 




2.2 


1.0 


0.2 


-0.2 


-0.6 


-2.2 


-2.6 


-1.8 


-1.0 


-0.2 


0.6 


1.0 


1.8 \ 


2.6 


0.6 


0.2 


0.2 


-1.4 


-1.8 


-2.6 


-2.2 


-0.6 


-1.0 


-0.2 


1.4 


2.2 


1.8 


1.4 


0.2 


0.2 


-1.0 


-1.4 


-1.8 


-1.0 


-1.4 


-0.2 


1.0 


0.6 


2.2 , 


\^2.6 


1.0 


0.6 


-0.2 


-0.2 


-0.6 


-1.4 


-1.0 


-0.2 


0.6 


0.2 


0.6 


9 




2.6 


1.8 


0.2 


-0.2 


0.2 


-0.6 


-0.2 


-0.6 


0.6 


1.8 


1.8 






1.8 


1.8 


1.8 


1.0 


0.2 


0.2 


-0.2 


0.2 


1.4 


1.4 


3.0 








1.8 


1.8 


1.4 


1.8 


0.6 


1.0 


1.0 


1.4 


2.6 












3.0 


1.4 


1.4 


1.4 


2.2 











Example CD Results: 
with Applied Dose Offset (B3 12) 



100 



50 _ 



0 _ 



-50 _ 



-100 




■100 



-50 



50 



100 



flG. AG 



FLG, 4H 



